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Abstract
In the framework of N = 2 conformal supergravity in four dimensions, we in-
troduce a nilpotent chiral superfield suitable for the description of partial super-
symmetry breaking in maximally supersymmetric spacetimes. As an application,
we construct Maxwell-Goldstone multiplet actions for partial N = 2 → N = 1
supersymmetry breaking on R × S3, AdS3 × S
1 (or its covering AdS3 × R), and a
pp-wave spacetime. In each of these cases, the action coincides with a unique curved-
superspace extension of the N = 1 supersymmetric Born-Infeld action, which is
singled out by the requirement of U(1) duality invariance.
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1 Introduction
Inspired by the work of Antoniadis, Partouche and Taylor [1], Bagger and Galperin [2]
constructed the Goldstone-Maxwell multiplet model for partially broken N = 2 Poincare´
supersymmetry in four spacetime dimensions (4D). Their model proved to coincide with
the N = 1 supersymmetric Born-Infeld action [3, 4]. Two years later, Rocˇek and Tseytlin
[5] re-derived the model of [2] using N = 2 superfields, building on the earlier formulation
1
due to Rocˇek [6] for the Volkov-Akulov Goldstino model [7] in terms of a nilpotent N = 1
chiral superfield.1
The N = 2 Minkowski superspace is one of many maximally supersymmetric back-
grounds in 4D N = 2 off-shell supergravity. Such superspaces were classified in [10]
building on the earlier analysis [11] of maximally supersymmetric backgrounds in 5D
N = 1 off-shell supergravity. The construction in [5] is down-to-earth in the sense that it
is specifically designed to describe the partial breaking of N = 2 Poincare´ supersymme-
try. Here we present a theoretical scheme which is suitable for the description of partial
supersymmetry breaking in curved maximally supersymmetric backgrounds in 4D N = 2
off-shell supergravity. As an application of this scheme, we construct Maxwell-Goldstone
multiplet actions for partial N = 2 → N = 1 supersymmetry breaking on R × S3,
AdS3 × S1 (or its covering AdS3 × R), and a pp-wave.
This paper is organised as follows. In section 2 we introduce a nilpotent chiral su-
perfield coupled to N = 2 conformal supergravity. In section 3 we explain how such a
superfield can be used to construct a model for partially broken supersymmetry for certain
maximally supersymmetric backgrounds of N = 2 supergravity. The formalism developed
is applied in section 4 to re-derive the Rocˇek-Tseytlin construction. In section 5 we con-
struct Maxwell-Goldstone multiplet actions for partial N = 2 → N = 1 supersymmetry
breaking on R × S3, AdS3 × S1 (or its covering AdS3 × R), and a pp-wave. Concluding
comments are given in section 6. The main body of the paper is accompanied by three
technical appendices. In Appendices A and B, we present group-theoretic formulations
for four-dimensional N = 1 and N = 2 superspaces over U(2) = (S1×S3)/Z2. The max-
imally N = 2 supersymmetric background over R× S3, which is used in section 5, is the
universal covering space of the N = 2 superspace over (S1×S3)/Z2. Appendix A also con-
tains the group-theoretic description of N = 1 superspace over U(1, 1) = (AdS3×S1)/Z2.
Appendix C is devoted to the discussion of a unique feature of the anti-de Sitter supersym-
metry that distinguishes AdS4 from the other maximally supersymmetric four-dimensional
backgrounds.
1The same nilpotent chiral superfield was independently introduced, a few months later, by Ivanov
and Kapustnikov [8] as a simple application of the general relationship between linear and nonlinear
realisations of supersymmetry established in their earlier work [9].
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2 Nilpotent chiral superfield in N = 2 supergravity
In the framework of four-dimensional N = 2 conformal supergravity2 we introduce a
nilpotent chiral superfield constrained by
D¯iα˙Z = 0 , (2.1a)(
Dij + 4Sij
)
Z −
(
D¯ij + 4S¯ij
)
Z¯ = 4iGij , (2.1b)
Z2 = 0 , (2.1c)
where Gij is a linear multiplet constrained by GijGij 6= 0. One may interpret Gij as the
field strength of a tensor multiplet. The constraints (2.1a)–(2.1c) are invariant under the
N = 2 super-Weyl transformations [12, 13] if Z is considered to be a primary superfield
of dimension 1.
A chiral superfield constrained by (2.1b) was considered in [14] in the context of
the dilaton effective action in N = 2 supergravity. In the super-Poincare´ case, chiral
superfields obeying the constraint (2.1b) with a constant Gij naturally originate in the
framework of partial N = 2→ N = 1 supersymmetry breaking [1, 15, 16].
We recall that the N = 2 tensor multiplet is described in curved superspace by its
gauge invariant field strength Gij which is a linear multiplet. The latter is defined to be
a real SU(2) triplet (that is, Gij = Gji and G¯ij := Gij = Gij) subject to the covariant
constraints [17, 18]
D(iαG
jk) = D¯(iα˙G
jk) = 0 . (2.2)
These constraints are solved in terms of a chiral prepotential Ψ [19, 20, 21, 22] via
Gij =
1
4
(
Dij + 4Sij
)
Ψ+
1
4
(
D¯ij + 4S¯ij
)
Ψ¯ , D¯iα˙Ψ = 0 , (2.3)
which is invariant under Abelian gauge transformations
δΛΨ = iΛ , (2.4)
with Λ a reduced chiral superfield,
D¯iα˙Λ = 0 , (2.5a)
2In this paper, we use Howe’s superspace formulation [12] for N = 2 conformal supergravity and follow
the supergravity notation and conventions of [13]. In particular, the superspace covariant derivatives are
denoted DA = (Da,Diα, D¯
α˙
i ). We make use of the second-order differential operators D
ij := Dα(iD
j)
α ,
D¯ij := D¯
(i
α˙ D¯
α˙j). The SU(2) triplet Sij = Sji and its conjugate S¯ij = Sij stand for certain components of
the superspace torsion tensor.
3
(
Dij + 4Sij
)
Λ−
(
D¯ij + 4S¯ij
)
Λ¯ = 0 . (2.5b)
We recall that the field strength of an Abelian vector multiplet is a reduced chiral super-
field [23].
The constraints on Λ can be solved in terms of the Mezincescu prepotential [24] (see
also [19]), Uij = Uji, which is an unconstrained real SU(2) triplet. The curved-superspace
solution is [25]
Λ =
1
4
∆¯
(
Dij + 4Sij
)
Uij . (2.6)
Here ∆¯ denotes the chiral projection operator [26, 27]
∆¯ =
1
96
(
(D¯ij + 16S¯ij)D¯ij − (D¯
α˙β˙ − 16Y¯ α˙β˙)D¯α˙β˙
)
=
1
96
(
D¯ij(D¯
ij + 16S¯ij)− D¯α˙β˙(D¯
α˙β˙ − 16Y¯ α˙β˙)
)
, (2.7)
with D¯α˙β˙ := D¯(α˙k D¯
β˙)k. Its main properties can be formulated using a super-Weyl inert
scalar V . It holds that
D¯α˙i ∆¯V = 0 , (2.8a)
δσV = 0 =⇒ δσ∆¯V = 2σ∆¯V , (2.8b)∫
d4x d4θ d4θ¯ E V =
∫
d4x d4θ E ∆¯V , (2.8c)
where the real unconstrained parameter σ corresponds to the super-Weyl transformations
[13].3 Here E and E denote the full superspace and chiral densities, respectively.
The constraints (2.1a) and (2.1b) define a deformed reduced chiral superfield. These
constraints may be re-cast in the language of superforms as dF = H , where F is a two-
form and H is the three-form field strength, dH = 0, describing the tensor multiplet [27],
see also [28].4 Switching H off, H = 0, turns F into the two-form field strength of the
vector multiplet.
The constraint (2.1b) naturally originates as follows. Consider the model for a massive
improved tensor multiplet coupled to N = 2 conformal supergravity [29, 30]. The action
of this model in the form given in [25] is
Stensor = −
∫
d4x d4θ E
{
ΨW+
1
4
µ(µ+ ie)Ψ2
}
+ c.c. , (2.9)
3The parameter σ was denoted 2U in [13].
4We are grateful to Joseph Novak for this observation.
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where µ and e are real parameters, with µ 6= 0 (the tensor multiplet mass can be shown
to be m =
√
µ2 + e2). The kinetic term involves the composite [31]
W := −
G
8
(D¯ij + 4S¯ij)
(
Gij
G2
)
, (2.10)
which proves to be a reduced chiral superfield.5 For m = 0 the above action describes the
improved tensor multiplet [31]. We introduce a Stu¨ckelberg-type extension of the model
S˜tensor = −
∫
d4x d4θ E
{
ΨW+
1
4
µ(µ+ ie)(Ψ− iW )2
}
+ c.c. , (2.11)
where W is the field strength of a vector multiplet. The action is invariant under the
gauge transformation (2.4) accompanied by
δΛW = Λ . (2.12)
The original action (2.9) is obtained from (2.11) by choosing a gauge W = 0. Now one
can see that the superfield Z := W + iΨ obeys the constraint (2.1b).
It is well known that the functional
i
∫
d4x d4θ EW 2 + c.c. (2.13)
is a total derivative. Since the mass term in (2.11) is invariant under the gauge transfor-
mation (2.4) and (2.12), it follows that, given a chiral superfield Z constrained by (2.1b),
the functional
I =
∫
d4x d4θ E
{
ZΨ−
i
2
Ψ2
}
+ c.c. (2.14)
is invariant under the gauge transformation (2.4), δΛI = 0.
The constraints (2.1a)–(2.1c) imply that, for certain supergravity backgrounds, the
degrees of freedom described by the N = 2 chiral superfield Z are in a one-to-one cor-
respondence with those of an Abelian N = 1 vector multiplet. The specific feature of
such N = 2 supergrvaity backgrounds is that they possess an N = 1 subspace of the full
N = 2 superspace. This property is not universal. In particular, there exist maximally
N = 2 supersymmetric backgrounds with no admissible truncation to N = 1 [10].
5The superfield (2.10) is one of the simplest applications of the powerful approach to generate com-
posite reduced chiral multiplets which was presented in [25].
5
3 Maximally N = 2 supersymmetric backgrounds and
partial supersymmetry breaking
So far we have discussed an arbitrary supergravity background. Now we restrict our
consideration to a maximally supersymmetric background M4|8 with the property that
the chiral prepotential Ψ for Gij may be chosen such that the following two conditions
hold. Firstly, the complex linear multiplet
Gij+ :=
1
4
(
Dij + 4Sij
)
Ψ (3.1)
is covariantly constant and null,
DAG
ij
+ = 0 , (3.2)
Gij+G+ij = 0 . (3.3)
Secondly, the prepotential Ψ may be chosen to be nilpotent,
Ψ2 = 0 . (3.4)
The null condition for Gij+ means that G
ij
+ = q
iqj , for some isospinor qi. It follows that
Gij = Gij+ +G
ij
− is covariantly constant,
DAG
ij = 0 , (3.5)
where we have denoted Gij− :=
1
4
(
D¯ij + 4S¯ij
)
Ψ¯.
We are going to show that the following functional
I =
∫
d4x d4θ E ΨZ (3.6)
is supersymmetric. Here Z is the nilpotent chiral superfield (2.1), which is assumed to
be a composite of the dynamical fields. The complex linear multiplet (3.1) and its chiral
prepotential Ψ are background fields associated with the background superspace M4|8.
Since the covariant derivatives DA are invariant under the isometry transformations of
M
4|8, the fields Gij+ and Ψ do not change under such transformations. Let ξ be a Killing
supervector field for M4|8 (see section 6.4 of [32] and [33] for general discussions). Then
δξI =
∫
d4x d4θ E ΨδξZ = −
∫
d4x d4θ E ZδξΨ . (3.7)
6
We introduce a reduced chiral superfield W by
Z =W + iΨ , W =
1
4
∆¯
(
Dij + 4Sij
)
Uij , (3.8)
where Uij is the Mezincescu prepotential for the reduced chiral superfield W . Since
ΨδξΨ = 0, we have
δξI = −
∫
d4x d4θ E ZδξΨ = −
∫
d4x d4θ EWδξΨ
= −
1
4
∫
d4x d4θ d4θ¯ E Uij
(
Dij + 4Sij
)
δξΨ
= −
1
4
∫
d4x d4θ d4θ¯ E Uijδξ
(
Dij + 4Sij
)
Ψ
= −
∫
d4x d4θ d4θ¯ E UijδξG
ij
+ = 0 . (3.9)
In the next two sections, it will be shown that the action
S = −
i
4
∫
d4x d4θ E ΨZ + c.c. (3.10)
describes the Maxwell-Goldstone multiplet for partial N = 2 → N = 1 supersymmetry
breaking on the maximally supersymmetric backgrounds specified.
The above derivation does not use the null condition (3.3). The latter is introduced
for the N = 2 superspace M4|8 to possess an N = 1 subspace.
4 Example: The super-Poincare´ case
The simplest maximally supersymmetric background is N = 2 Minkowski superspace.
In this superspace, every constant real SU(2) triplet Gij is covariantly constant,
DAG
ij = 0 , (4.1)
where DA = (∂a, D
i
α, D¯
α˙
i ) are the flat superspace covariant derivatives. Let Ψ be a chiral
prepotential for Gij , D¯iα˙Ψ = 0. We represent
Gij = Gij+ +G
ij
− , G
ij
+ =
1
4
DijΨ , Gij− =
1
4
D¯ijΨ¯ . (4.2)
It is always possible to choose the prepotential Ψ such that the following properties hold:
Ψ2 = 0 , DAG
ij
+ = 0 , G
ij
+G+ij = 0 . (4.3)
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In N = 2 Minkowski superspace, the constraints (2.1a)–(2.1c) turn into
D¯iα˙Z = 0 , (4.4a)
DijZ − D¯ijZ¯ = 4iGij , (4.4b)
Z2 = 0 . (4.4c)
The action (3.10) becomes
S = −
i
4
∫
d4x d4θZΨ + c.c. (4.5)
Since Gij+ is constant, it is invariant under the N = 2 supersymmetry transformations.
In accordance with the analysis given in the previous section, the action is N = 2 super-
symmetric.
For the Grassmann coordinates θαi and θ¯
j
α˙ of N = 2 Minkowski superspace, as well
as for the spinor covariant derivatives Diα and D¯
α˙
i , it is useful to label the values of their
R-symmetry indices as i, j = 1, 2. Without loss of generality we can choose
Gij+ = −iδ
i
2δ
j
2 , Ψ = iθ
α
2 θα2 . (4.6)
We can now reproduce the results of [2] from the N = 2 setup described. In order to solve
the constraints (4.4), it is useful to carry out a reduction to N = 1 Minkowski superspace.
Given a superfield U(x, θi, θ¯
i) on N = 2 Minkowski superspace, we introduce its bar-
projection
U | := U(x, θi, θ¯
i)|θ2=θ¯2=0 , (4.7)
which is a superfield on N = 1 Minkowski superspace with the Grassmann coordinates
θα = θα1 and θ¯α˙ = θ¯
1
α˙ and the spinor covariant derivatives Dα = D
1
α and D¯
α˙ = D¯α˙1 . The
background superfield Ψ is characterised by the properties
Ψ| = 0 , D2αΨ| = 0 . (4.8)
Since Z2 = 0, the constraints (4.4) imply
(Dα2Z)D2αZ + ZD¯11Z¯ + 4Z = 0 . (4.9)
Taking the bar-projection of this constraint gives
X +
1
4
XD¯2X¯ = W 2 , W 2 := W αWα , (4.10)
8
where we have introduced the N = 1 components of Z:
X := Z| , Wα := −
i
2
D2αZ| . (4.11a)
These superfields satisfy the constraints
D¯α˙X = 0 , D¯α˙Wα = 0 , D
αWα = D¯α˙W¯
α˙ . (4.11b)
The constraints onWα tell us that it can be interpreted as the field strength of an Abelian
N = 1 vector multiplet. The constraint (4.10) is equivalent to the Bagger-Galperin
constraint [2]. Its general solution is
X = W 2 −
1
2
D¯2
W 2W¯ 2(
1 + 1
2
A+
√
1 + A+ 1
4
B2
) , (4.12a)
A =
1
2
(
D2W 2 + D¯2W¯ 2
)
, B =
1
2
(
D2W 2 − D¯2W¯ 2
)
. (4.12b)
Upon reduction to N = 1 superspace, the action (4.5) becomes
I =
1
4
∫
d4x d2θ X +
1
4
∫
d4x d2θ¯ X¯ . (4.13)
This is the N = 1 supersymmetric Born-Infeld action. Being manifestly N = 1 supersym-
metric, the action is also invariant under the second nonlinearly realised supersymmetry
transformation [2]
δǫWα = ǫα +
1
4
ǫαD¯
2X¯ + iǫ¯β˙∂αβ˙X =⇒ δǫX = 2ǫ
αWα . (4.14)
For completeness, we re-derive this result.
Let U be a scalar superfield on N = 2 Minkowski superspace. Its isometry transfor-
mation is
δξU = −ξU , (4.15)
where
ξ = ξ = ξADA = ξ
a∂a + ξ
α
i D
i
α + ξ¯
i
α˙D¯
α˙
i (4.16)
is a Killing supervector field of Minkowski superspace,6
ξαi = −
i
8
D¯β˙iξ
β˙α , Di(αξβ)β˙ = D¯i(α˙ξββ˙) = 0 , D
i
αξ
α
i = 0 . (4.17)
6It follows from (4.17) that ξαi is chiral, D¯
j
β˙
ξαi = 0.
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The Killing supervector field generating the supersymmetry transformation is charac-
terised by the components
ξa = 2i(θiσ
aǫ¯i − ǫiσ
aθ¯i) , ξαi = ǫ
α
i = const . (4.18)
Applying this transformation to Z gives δξZ = −(ξa∂a+ ξαi D
i
α)Z. We now consider only
the second supersymmetry transformation by choosing ǫα1 = 0 and ǫ
α
2 = ǫ
α. It acts on the
N = 1 superfields (4.11a) as follows
δǫX = δξZ| = −(ξZ)| = −ǫ
α(D2αZ)| = −2iǫ
αWα , (4.19a)
δǫWα = −
i
2
(D2αδξZ)| = −iǫα −
i
4
ǫαD¯
2X¯ − ǫ¯β˙∂αβ˙X , (4.19b)
where we have made use of the constraints obeyed by Z and X . The supersymmetry
transformation (4.14) follows from (4.19) upon a rescaling of ǫα.
5 Maxwell-Goldstone multiplet for partially broken
rigid supersymmetry in curved space
We turn to applying the theoretical framework of section 3 to maximally supersym-
metric curved backgrounds in N = 2 supergravity.
5.1 Curved N = 2 superspace backgrounds
We consider a maximally supersymmetric background M4|8 described by the following
algebra of covariant derivatives7
{Diα,D
j
β} = {D¯
α˙
i , D¯
β˙
j } = 0 , (5.1a)
{Diα, D¯
β˙
j } = −2iδ
i
jDα
β˙ + 4iGγβ˙ ijMαγ + 4iGαγ˙
i
jM¯
γ˙β˙
−4iδijGα
β˙klJkl − 2iGα
β˙i
jY , (5.1b)
[Da,D
j
β] = (σ˜a)
α˙γGβα˙
j
kD
k
γ , [Da, D¯β˙j] = −(σ˜a)
γ˙αGαβ˙j
kD¯γ˙k , (5.1c)
where the torsion tensor Gija is annihilated by the spinor covariant derivatives,
DiαG
jk
b = 0 , D¯
i
α˙G
jk
b = 0 . (5.1d)
7Here Mab, J
kl and Y are the Lorentz, SU(2) and U(1) generators, respectively, defined as in [13].
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This algebra is obtained from that corresponding to N = 2 conformal supergravity, and
given by eq. (2.8) in [13], by (i) switching off the components Sij , Yαβ , Wαβ and Gαα˙ of
the torsion tensor; and (ii) imposing (5.1d). The constraints (5.1d) are required by the
theorem [11] that all fermionic components of the superspace torsion tensor must vanish
in maximally supersymmetric backgrounds.
In complete analogy with the 5D case [11], the constraints (5.1d) imply the following
integrability condition
Ga
k(iGb
j)
k = 0 . (5.2)
As shown in [11], the general solution of the conditions (5.1d) and (5.2) is
Gb
kl = −
1
4
gbs
kl , Diαgb = 0 , D¯
i
α˙gb = 0 , DAs
kl = 0 , (5.3)
for some real vector gb and real SU(2) triplet s
kl. The latter may be normalised as
sijsij = 2 . (5.4)
Since g2 = gaga is constant, DAg2 = 0, there are in fact three different superspaces
described by the above algebra: (i) if ga is time-like, g
2 < 0, the bosonic body of M4|8 is
R× S3; (ii) if ga is space-like, g2 > 0, the bosonic body of M4|8 is AdS3 × R; (iii) in the
null case, g2 = 0, the spacetime geometry is a pp-wave. We will denote these superspaces
as M
4|8
T , M
4|8
S and M
4|8
N , respectively. These backgrounds were constructed in [10], and
they have 5D cousins [11].
In order to get some more insight into the structure of the superspace geometry (5.1),
a specific value of g2 has to be fixed. It suffices to consider the superspace M
4|8
T , since
the other two cases may be treated similarly. As a supermanifold, M
4|8
T is the universal
covering of the 4D N = 2 superspace introduced in Appendix B.
In the case g2 < 0, it is possible to choose a Lorentz and SU(2)R gauge such that
ga = (g, 0, 0, 0) , si
j = −i(σ3)i
j = i(−1)iδji . (5.5)
As shown in [10], the algebra of covariant derivatives is equivalent to
{Diα,D
j
β} = {D¯
α˙
i , D¯
β˙
j } = 0 , {D
i
α, D¯
β˙
j } = −2iδ
i
j(σ
a)α
β˙D(i)a , (5.6a)
[D(i)a ,D
j
β] =
i
2
δij(−1)j(σa)ββ˙ g
β˙γDjγ , (5.6b)
[D(i)a ,D
(j)
b ] = (−1)
j+1δijεabc
dgcD(j)d , (5.6c)
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where we have introduced the “improved” vector covariant derivatives
D(i)a := Da +
1
2
gas
klJkl + (−1)
i
(1
4
εabcd g
bM cd + igaY
)
. (5.7)
These (anti-)commutation relations correspond to the superalgebra su(2|1)× su(2|1).
The superspace geometry of M
4|8
T can be described, e.g., in terms of the covariant
derivatives D˜A = (D
(1)
a ,Diα, D¯
α˙
i ). In accordance with (5.6), the operators (D
(1)
a ,D1α, D¯
α˙
1 )
form a closed algebra isomorphic to that of the superalgebra su(2|1). This property
means that the N = 2 superspace M4|8T possesses an N = 1 subspace which will be
denoted M
4|4
T . It turns out that all the conditions (3.2)–(3.4) can be met in the case of
M
4|8
T . In particular, this superspace allows the existence of covariantly constant complex
SU(2) triplets Gij+. Since the graded commutation relations for D˜A involve neither Lorentz
nor SU(2) curvature tensors, the Lorentz and SU(2) connections may be gauged away. In
such a gauge, every constant complex SU(2) triplets Gij+ is covariantly constant.
Since the superspaces M
4|8
T , M
4|8
S and M
4|8
N meet the requirements (3.2)–(3.4), the
formalism of section 3 may be used to construct a Maxwell-Goldstone multiplet action
for partial supersymmetry breaking. Instead of implementing the scheme directly, we will
take a shortcut to constructing such actions on the N = 1 subspaces of the superspaces
M
4|8
T , M
4|8
S and M
4|8
N .
5.2 Goldstone multiplet for partially broken supersymmetry
We consider a maximally supersymmetric background M4|4 described by the following
algebra of N = 1 covariant derivatives:
{Dα,Dβ} = 0 , {D¯α˙, D¯β˙} = 0 , {Dα, D¯β˙} = −2iDαβ˙ , (5.8a)
[Dα,Dββ˙] = iεαβG
γ
β˙Dγ , [D¯α˙,Dββ˙] = −iεα˙β˙Gβ
γ˙D¯γ˙ , (5.8b)
[Dαα˙,Dββ˙] = −iεα˙β˙Gβ
γ˙Dαγ˙ + iεαβGγβ˙Dγα˙ , (5.8c)
where the torsion tensor Ga is covariantly constant,
DAGb = 0 . (5.8d)
This is a special case of the superspace geometry for N = 1 old minimal supergravity [34]
reviewed in [32]. The above algebra is obtained from the supergravity (anti-)commutation
relations (5.5.6) and (5.5.7) in [32] by (i) switching off the chiral torsion superfields R and
Wαβγ and their conjugates; and (ii) imposing the condition (5.8d).
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Since G2 = GaGa is constant, the geometry (5.8) describes three different superspaces,
M
4|4
T , M
4|4
S and M
4|4
N , which correspond to the choices G
2 < 0, G2 > 0 and G2 = 0,
respectively. These N = 1 superspaces originate as the N = 1 subspaces of the N = 2
superspaces of M
4|8
T , M
4|8
S and M
4|8
N , respectively, considered in the previous subsection.
8
We recall that the Lorentzian manifolds supported by these superspaces are R×S3, AdS3×
S1 or its covering AdS3×R, and a pp-wave spacetime, respectively.9 As a supermanifold,
M
4|4
T is the universal covering of the N = 1 superspace M
4|4 introduced in section A.1.
The isometry group ofM4|4 is SU(2|1)× U(2). As a supermanifold, M4|4S is the universal
covering of the N = 1 superspace M˜4|4 introduced in section A.2. The isometry group of
M˜4|4 is SU(1, 1|1)× U(2).
The superspace M4|4 allows the existence of covariantly constant spinors,
DAǫα = 0 . (5.9)
Such a spinor is constant in a gauge in which the Lorentz connection vanishes.
By analogy with the flat-superspace case, we consider the following N = 1 supersym-
metric theory with action
S =
1
4
∫
d4x d2θ E X + c.c. , (5.10)
where the covariantly chiral superfield X is a unique solution of the constraint
X +
1
4
XD¯2X¯ = W 2 . (5.11)
The superfield Wα is the chiral field strength of an Abelian vector multiplet and, together
with its complex conjugate W¯α˙, it obeys the Bianchi identity
DαWα = D¯α˙W¯
α˙ . (5.12)
The explicit solution of the constraint (5.11) is a covariantisation of that described in the
previous section. It is given, e.g., in [38].
The action (5.10) is invariant under a second supersymmetry given by
δǫX = 2ǫ
αWα , (5.13)
8In the time-like case, G2 < 0, the graded commutation relations (5.8) are obtained from (5.6) by
choosing i, j = 1 and setting Ga = ga.
9N = 1 supersymmetric theories on R × S3 were studied in the mid-1980s by Sen [35]. At the
component level, the maximally N = 1 supersymmetric backgrounds in four dimensions were classified
by Festuccia and Seiberg [36]. Their results were re-derived in [37] using the superspace formalism
developed in the mid-1990s [32].
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with the parameter ǫα being constrained as in (5.9). Of course, this transformation should
be induced by that of Wα. The correct supersymmetry transformation of Wα proves to
be
δǫWα = ǫα +
1
4
ǫαD¯
2X¯ + iǫ¯β˙Dαβ˙X − ǫ¯
β˙Gαβ˙X . (5.14)
It has the correct flat superspace limit [2], compare with (4.14), and respects the Bianchi
identity (5.12),
DαδǫWα = D¯α˙δǫW¯
α˙ . (5.15)
The dynamical system defined by eqs. (5.10) and (5.11) describes the Maxwell-
Goldstone multiplet action for partial N = 2 → N = 1 supersymmetry breaking in
those curved spacetimes which are supported by the superspace geometry (5.8), including
R× S3, AdS3 × S1 and its covering AdS3 × R.
6 Concluding comments
There are five types of maximally supersymmetric backgrounds in four-dimensional
N = 1 off-shell supergravity, two of which are well known: Minkowski superspace R4|4
[39, 40] and anti-de Sitter superspace AdS4|4 [41, 42, 43]. The remaining three superspaces,
M
4|4
T , M
4|4
S and M
4|4
N , are described by the geometry (5.8) with different choices of Ga. All
five N = 1 superspaces possess N = 2 extensions. The Maxwell-Goldstone multiplet on
R
4|4 for partially broken N = 2 Poincare´ supersymmetry was found long ago [2, 5]. In
this paper, we have constructed the Maxwell-Goldstone multiplets which are defined on
M
4|4
T , M
4|4
S and M
4|4
N and describe partial N = 2→ N = 1 supersymmetry breaking.
In Appendix C we demonstrate that no Maxwell-Goldstone multiplet action for par-
tial N = 2 → N = 1 supersymmetry breaking exists in the case of the anti-de Sitter
(AdS) supersymmetry. The reason for this obstruction is the fact that every covariantly
constant SU(2) triplet Gij+ must be proportional to the torsion tensor S
ij , which is real
and covariantly constant in AdS4|8 [44]. As a consequence, the conditions (3.2) and (3.3)
are not compatible in AdS4|8. Since the N = 1 AdS superspace AdS4|4 is naturally em-
bedded in AdS4|8 as a subspace [73], applying the formalism of section 2 to the case of
AdS4|8 allows us to derive a Maxwell-Goldstone multiplet for partially broken N = 2
AdS supersymmetry. The corresponding technical details are spelled out in Appendix C.
However, since the conditions (3.2) and (3.3) are not compatible in AdS4|8, we cannot use
this Maxwell-Goldstone multiplet to construct a supersymmetric invariant action.
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There exists a one-parameter family of N = 1 supersymmetric extensions of the
Born-Infeld actions [4]. A unique extension is fixed by the requirement that the action
should describe the Maxwell-Goldstone multiplet on R4|4 for partially broken N = 2
Poincare´ supersymmetry [2, 5]. The same extension is uniquely fixed by the requirement
of U(1) duality invariance [45, 46], which implies the self-duality under superfield Legendre
transform discovered by Bagger and Galperin [2]. A curved-superspace extension of the
N = 1 supersymmetric Born-Infeld action is not unique. However, a unique extension is
fixed by the requirement of U(1) duality invariance [38]. It is given by the action (5.10)
in which X is a unique solution to the constraint
X +
1
4
X(D¯2 − 4R)X¯ = W 2 , (6.1)
with R the chiral scalar torsion superfield. This action was first proposed in [47]. In the
case of anti-de Sitter superspace AdS4|4, the only non-zero components of the superspace
torsion are R and R¯, which are constant. The corresponding N = 1 supersymmetric
Born-Infeld action possesses U(1) duality invariance, however it is not invariant under a
second nonlinearly realised supersymmetry, as demonstrated in Appendix C. Therefore,
this action is not suitable to describe a partial breaking of the N = 2 AdS supersymmetry.
In addition to the Maxwell-Goldstone multiplet of [2, 5], there exist other multiplets for
partially broken N = 2 Poincare´ supersymmetry [48, 5, 49]. We believe these models can
be generalised to the superspaces M
4|4
T , M
4|4
S and M
4|4
N to describe partial N = 2→ N = 1
supersymmetry breaking. It would also be interesting to investigate whether some of these
models can be extended to describe partially broken N = 2 AdS supersymmetry.
Recently, there has been much interest in models for spontaneously broken localN = 1
supersymmetry [50, 51, 52, 53, 54, 55, 56, 57, 58], which are based on the use of the
nilpotent chiral Goldstino superfield proposed in [59, 60]. Other nilpotent Goldstino su-
perfields can be used to describe spontaneously broken N = 1 supergravity [61, 62, 63]
(for an alternative approach to de Sitter supergravity, see [64]). At the moment it is not
clear whether the nilpotent N = 2 chiral superfield advocated in the present paper is
suitable for the description of partial supersymmetry breaking in N = 2 supergravity.
It is certainly of interest to develop a superspace description for the models for sponta-
neous N = 2 → N = 1 local supersymmetry breaking pioneered in [65, 66] and further
developed, e.g., in [67, 68].
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A N = 1 superspaces over U(2) = (S1 × S3)/Z2 and
(AdS3 × S
1)/Z2
In this appendix we give supermatrix realisations for two maximally supersymmetric
backgrounds in 4D N = 1 supergravity.
A.1 N = 1 superspace over U(2) = (S1 × S3)/Z2
Here and in the next appendix, the supergroup SU(2|1) is defined to consist of complex
(2|1)× (2|1) supermatrices (with A,D bosonic blocks and B,C fermionic ones)
g =
(
A B
C D
)
(A.1)
constrained by
g†ηg = η , Ber g = 1 , η =
(
12 0
0 −1
)
. (A.2)
We introduce a superspace M4|4 consisting of complex (2|1) × (2|0) supermatrices
(with h bosonic and Θ fermionic blocks)
P =
(
h
Θ
)
(A.3)
constrained by
P†ηP = 12 ⇐⇒ h
†h = 12 +Θ
†Θ . (A.4)
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The supermanifold defined by this equation coincides with the 4D N = 1 compactified
Minkowski superspace (described in detail in section 3 of [69]) on which the superconformal
group SU(2, 2|1) acts by well-defined transformations. The bosonic body of the superspace
is U(2) = (S1 × S3)/Z2.
It is useful to switch from the variables h and Θ to new ones, ϕ ∈ R, u and θ, defined
as follows:
P =
(
eiϕu
ǫiϕθ
)
, u†u = 12 + θ
†θ , det u = det u† =
(
1 + θθ†
)− 1
2 . (A.5)
We can represent
u = uˆ
√
12 + θ†θ , uˆ ∈ SU(2) . (A.6)
The supermatrix (A.5) is invariant under the Z2 transformation ϕ→ ϕ+ π, uˆ→ −uˆ and
θ → −θ. This is the origin of Z2 in U(2) = (S1 × S3)/Z2.
It turns out that the superspace M4|4 introduced above can be identified with the
group manifold SU(2|1). Indeed, it may be checked that every element g ∈ SU(2|1) has
the form (compare with a similar result in [70])
g =
(
eiϕu e2iϕ
(
1 + θθ†
)− 1
2uθ†
ǫiϕθ e2iϕ(1 + θθ†)
1
2
)
, (A.7)
where u is constrained as in (A.5).
The isometry group ofM4|4 is SU(2|1)× U(2). It acts on M4|4 as follows:
P → gLPg
−1
R , gL ∈ SU(2|1) , gR ∈ U(2) . (A.8)
These transformations are holomorphic in terms of the variables h and Θ (hence the isom-
etry transformations act on a chiral subspace of the full superspace). The isometry group
has two U(1) subgroups that describe R-symmetry transformations and time translations.
One subgroup corresponds to all diagonal supermatrices (A.7) with u = 12 and θ = 0.
The other subgroup is spanned by all diagonal matrices eiψ12 in U(2).
On the group manifold SU(2|1), we can define an action of SU(2|1)× SU(2|1) by the
standard rule
g → gL g g
−1
R , gL, gR ∈ SU(2|1) . (A.9)
These transformations leave invariant the supermetric
ds2 = −
1
2
Str E2 , E = g−1dg . (A.10)
However, such transformations map the chiral subspace (A.3) to itself only if gR ∈ U(2).
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A.2 N = 1 superspace over U(1, 1) = (AdS3 × S1)/Z2
We define the supergroup SU(1, 1|1) to consist of complex (2|1)× (2|1) supermatrices
(with A,D bosonic blocks and B,C fermionic ones)
g =
(
A B
C D
)
(A.11)
constrained by
g†ηg = η , Ber g = 1 , η =
(
σ3 0
0 −1
)
. (A.12)
Every element g ∈ SU(1, 1|1) can be written in the form
g =
(
eiϕu e2iϕ
(
1 + θσ3θ
†
)− 1
2uθ†
ǫiϕθ e2iϕ(1 + θσ3θ
†)
1
2
)
, (A.13)
where u is constrained by
u†σ3u = σ3 + θ
†θ , det u = det u† =
(
1 + θσ3θ
†
)− 1
2 . (A.14)
We can represent
u = uˆ
√
12 + σ3θ†θ , uˆ ∈ SU(1, 1) . (A.15)
The supermatrix defined by eqs. (A.13) and (A.15) is invariant under the discrete trans-
formation ϕ→ ϕ+ π, uˆ→ −uˆ and θ → −θ.
We introduce a four-dimensional superspace M˜4|4 consisting of complex (2|1)× (2|0)
supermatrices (with h and Θ being bosonic and fermionic blocks, respectively)
P =
(
h
Θ
)
≡
(
eiϕu
eiϕθ
)
, (A.16)
where ϕ, u and θ are defined as in (A.13). This superspace can be identified with the
group manifold SU(1, 1|1). Its bosonic body is U(1, 1) = (AdS3 × S1)/Z2.
The isometry group of M˜4|4 is SU(1, 1|1)× U(2). It acts on M˜4|4 as follows:
P → gLPg
−1
R , gL ∈ SU(1, 1|1) , gR ∈ U(2) . (A.17)
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These transformations are holomorphic in terms of the variables h and Θ (hence the
isometry transformations acts on a chiral subspace of the full superspace), and leave
invariant the supermetric
ds2 =
1
2
Str E2 , E = g−1dg . (A.18)
Unlike the superspace considered in the previous subsection, the dimension parametrised
by ϕ is now space-like.
Let us consider the coset space
AdS(3|2,0) := SU(1, 1|1)/U(1) , (A.19)
where the subgroup U(1) of SU(1, 1|1) consists of all diagonal supermatrices (A.13) with
u = 12 and θ = 0. This coset space may be seen to coincide with the 3D (2,0) anti-de
Sitter superspace [71]. We recall that in three dimensions, N -extended anti-de Sitter
(AdS) superspace exists in several incarnations known as (p, q) AdS superspaces, where
the non-negative integers p ≥ q are such that N = p+ q. The conformally flat (p, q) AdS
superspace is
AdS(3|p,q) =
OSp(p|2;R)× OSp(q|2;R)
SL(2,R)× SO(p)× SO(q)
. (A.20)
In the case p = N ≥ 4 and q = 0, non-conformally flat AdS superspaces also exist [72].
B N = 2 superspace over U(2) = (S1 × S3)/Z2
N = 2 superspace M4|8 over U(2) = (S1 × S3)/Z2 can be realised as the quotient
space
M4|8 :=M4|4L ×M
4|4
R
/
∼ , (B.1)
where M4|4L and M
4|4
R denote two copies of M
4|4. The equivalence relation is defined by
the rule: two pairs P = (PL,PR) and P
′ = (P ′L,P
′
R) are equivalent, P ∼ P
′, if
P ′L = PLh , P
′
R = PRh , (B.2)
for some group element h ∈ U(2).
The isometry group ofM4|8 is
G := GL ×GR × U(1) = SU(2|1)× SU(2|1)× U(1) . (B.3)
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Given a group element g = gL×gR×eiψ ∈ G, with ψ ∈ R, it acts on the pairP = (PL,PR)
by the rule:
(PL,PR) → (gPL, gPR) , gPL = gLPLe
iψ , gPR = gRPRe
−iψ . (B.4)
The equivalence relation allows us to choose PR in the form:
PR =
(√
12 + ψ†ψ
ψ
)
. (B.5)
The above construction can readily be modified in order to describe the N = 2 super-
space over U(1, 1) = (AdS3 × S1)/Z2.
C Example: The anti-de Sitter supersymmetry
In this appendix we show that the formalism of sections 2 and 3 can be used to
define a Goldstone-Maxwell multiplet for partially broken 4D N = 2 anti-de Sitter (AdS)
supersymmetry with the following properties: (i) it is the standard Maxwell multiplet
with respect to the N = 1 AdS supersymmetry; (ii) it transforms nonlinearly under the
second AdS supersymmetry. However, making use of this multiplet does not allow one to
construct an invariant action describing the partial N = 2→ N = 1 AdS supersymmetry
breaking.
To start with, we recall a few definitions concerning the 4D N = 2 AdS superspace
AdS4|8 :=
OSp(2|4)
SO(3, 1)× SO(2)
,
which is a maximally symmetric geometry that originates within the off-shell formulation
for N = 2 conformal supergravity developed in [44]. For comprehensive studies of N = 2
supersymmetric field theories in AdS4, the reader is referred to [73, 74].
We assume that AdS4|8 is parametrised by local bosonic (x) and fermionic (θ, θ¯) co-
ordinates zM = (xm, θµı , θ¯
ı
µ˙) (where m = 0, 1, 2, 3, µ = 1, 2, µ˙ = 1, 2 and ı = 1, 2). The
corresponding covariant derivatives
DA = (Da,D
i
α, D¯
α˙
i ) = EA
M∂M +
1
2
ΩA
bcMbc + ΦA
ijJij , i, j = 1, 2 (C.1)
obey the algebra [73]
{Diα,D
j
β} = 4S
ijMαβ + 2εαβε
ijSklJkl , {D
i
α, D¯
β˙
j } = −2iδ
i
j(σ
c)α
β˙Dc , (C.2a)
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[Da,D
j
β] =
i
2
(σa)βγ˙S
jkD¯γ˙k , [Da, D¯
β˙
j ] =
i
2
(σ˜a)
β˙γSjkDkγ , (C.2b)
[Da,Db] = −S2Mab . (C.2c)
The SU(2) triplet Sij is the only non-vanishing component of the superspace torsion in
AdS4|8; it is covariantly constant and real
DAS
ij = 0 , S¯ij = Sij . (C.3)
The parameter S2 := 1
2
SijSij = const is positive, and therefore (C.2c) gives the algebra
of covariant derivatives in AdS4.
The isometry transformations of AdS4|8 form the supergroup OSp(2|4). In the in-
finitesimal case, an isometry transformation is described by a Killing supervector field
ξAEA, with EA = EA
M∂M, defined to obey the equation[
ξ +
1
2
lbcMbc + ρS
jkJjk,DA
]
= 0 , ξ := ξBDB = ξ
bDb + ξ
β
j D
j
β + ξ¯
i
β˙
D¯β˙j , (C.4)
for some real antisymmetric tensor lbc(z) and scalar ρ(z) parameters. It turns out that
the Killing equation (C.4) uniquely determines the parameters ξαi , l
cd and ρ in terms
of ξa. A similar property exists for superspace isometry transformations in any number
of dimensions [33]. The specific feature of the 4D N = 2 AdS superspace is that the
parameters ξA and lab are uniquely expressed in terms of ρ [73].
Due to (C.2), the SU(2) gauge freedom can be used to choose the SU(2) connection
ΦA
ij in (C.1) to look like ΦA
ij = ΦAS
ij, for some one-form ΦA describing the residual U(1)
connection associated with the generator SijJij. Then S
ij becomes a constant iso-triplet,
Sij = const. The remaining global SU(2) rotations can take Sij to any position on the
two-sphere of radius S. We make the choice
S12 = 0 , µ := −S22 , µ¯ = −S11 , (C.5)
with |µ| = S. This choice must be used in order to embed an N = 1 AdS superspace,
AdS4|4, into the full N = 2 AdS superspace [73].
As already mentioned, the choice S12 = 0 is required for embedding AdS4|4 into AdS4|8.
By applying certain general coordinate and local U(1) transformations in AdS4|8, it is
possible to identify AdS4|4 with the surface θµ2 = 0 and θ¯
2
µ˙ = 0. The covariant derivatives
for AdS4|4,
DA = (Da,Dα, D¯
α˙) = EA
M∂M +
1
2
ΩA
bcMbc , (C.6)
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are related to (C.1) as follows
Dα := D
1
α
∣∣ , D¯α˙ := D¯α˙1 ∣∣ , (C.7)
and similarly for the vector covariant derivative. Here the bar-projection is defined by
U | := U(x, θı, θ¯
ı)|θ2=θ¯2=0 , (C.8)
for any N = 2 tensor superfield U(x, θı, θ¯ı). It follows from (C.2) that the N = 1 covariant
derivatives obey the algebra
{Dα,Dβ} = −4µ¯Mαβ , {D¯α˙, D¯β˙} = 4µM¯α˙β˙ , {Dα, D¯β˙} = −2iDαβ˙ , (C.9a)
[Da,Dβ] = −
i
2
µ¯(σa)βγ˙D¯γ˙ , [Da, D¯β˙] =
i
2
µ(σa)γβ˙D
γ , (C.9b)
[Da,Db] = −|µ|
2Mab , (C.9c)
which indeed corresponds to the N = 1 AdS superspace (see [32] for more details). As a
result, every N = 2 supersymmetric field theory in AdS4|8 can be reformulated as some
theory in AdS4|4.
Given an N = 2 tensor superfield U(x, θı, θ¯ı), its infinitesimal OSp(2|4) transformation
law is
δξU = −
(
ξ +
1
2
lbcMbc + ρS
jkJjk
)
U . (C.10)
Upon reduction to AdS4|4, this transformation law turns into a superposition of several
independent N = 1 transformations. Evaluating the bar-projection of ξ gives
ξ| = λ+ εαD2α|+ ε¯α˙D¯
α˙
2 | , λ = λ
ADA = λaDa + λαDα + λ¯α˙D¯α˙ , (C.11a)
where we have introduced
λa := ξa| , λα := ξα1 | , λ¯α˙ := ξ¯
1
α˙| , ε
α := ξα2 | , ε¯α˙ := ξ
2
α˙| . (C.11b)
We denote the bar-projection of the parameters lab and ρ as
ωab := lab| , ε := ρ| . (C.12)
It holds that
ωαβ = Dαλβ = Dβλα . (C.13)
Now, the bar-projection of (C.10) takes the form
δξU | = −
(
λ+
1
2
ωabMab
)
U | −
(
εα(D2αU)|+ ε¯α˙(D¯
α˙
2U)|
)
+ ε(µ¯J11 + µJ22)U | . (C.14)
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The first term on the right is an infinitesimal OSp(1|4) transformation generated by λ.
The parameters λ and ωbc obey the equation
[λ+
1
2
ωbcMbc,DA] = 0 , (C.15)
which defines the Killing supervector field of AdS4|4 [32]. The second and third terms on
the right of (C.14) prove to describe the second supersymmetry and U(1) transformations.
The corresponding parameters εα, ε¯α˙ and ε have the properties
εα =
1
2
Dαε , DαD¯α˙ε = 0 ,
(
D2 − 4µ¯
)
ε = 0 . (C.16)
The parameter ε was originally introduced in [75].
We are now prepared to analyse the nilpotent N = 2 chiral superfield Z constrained
by (2.1) in the case that the background superspace is AdS4|8. We recall that a necessary
ingredient of the construction described in section 3 is that Gij is covariantly constant,
DAGij = 0. We require this condition to hold in AdS4|8, which implies that Gij is
proportional to Sij
Gij = κSij , (C.17)
where κ is a real constant. In accordance with (C.5), we have G12 = 0. The parameter κ
can be chosen to have any given non-zero value by means of rescaling the chiral superfield
Z. We choose κ = |µ|, and hence G11 = −|µ|µ¯ and G22 = −|µ|µ.
The degrees of freedom described by Z are those of an Abelian N = 1 vector multiplet
in AdS4|4. Indeed, upon reduction to the N = 1 AdS superspace, the N = 2 chiral scalar
Z leads to two chiral superfields, X and Wα, defined as
X := Z| , D¯α˙X = 0 , (C.18a)
Wα := −
i
2
D2αZ| , D¯α˙Wα = 0 . (C.18b)
One may check that the N = 2 constraints (2.1) imply the Bianchi identity
DαWα = D¯α˙W¯
α˙ , (C.19a)
as well as the nonlinear constraint
− iµ|µ|X +
1
4
X
(
D¯2 − 4µ
)
X¯ = W 2 , W 2 := W αWα . (C.19b)
Eq. (C.19a) tells us that Wα is the chiral field strength of a Maxwell multiplet in AdS
4|4.
Eq. (C.19b) is of the same type as the constraint (6.1), which generates the N = 1 locally
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supersymmetric Born-Infeld action with U(1) duality invariance. The constraint (C.19b)
is uniquely solved by expressing X in terms ofW 2 and W¯ 2 and their covariant derivatives,
in complete analogy with the general supergravity analysis of [38].
In accordance with (C.10), the infinitesimal OSp(2|4) transformation of Z is δZ =
−ξZ. Using this result, it is straightforward to derive the transformation laws of X and
Wα under the second supersymmetry and U(1) transformations described by the superfield
parameter ε. Making use of the constraints obeyed by Z and X , we obtain
δεX = −2iε
αWα , (C.20a)
δεWα = iεα
[
iµ|µ| −
1
4
(
D¯2 − 4µ
)
X¯ − µX
]
− ε¯β˙Dαβ˙X +
i
2
µεDαX . (C.20b)
One can check that δεX and δεWα preserve the constraints (C.19). Due to (C.16), the
variation δεWα can be rewritten in the form
δεWα = −
i
8
(
D¯2 − 4µ
)[
2
(
X¯ −X + i|µ|
)
εα − εDαX
]
, (C.20c)
which makes manifest the chirality of δεWα. It follows from (C.20) that the second
supersymmetry and U(1) transformations are nonlinearly realised.
Let us consider the supersymmetric and U(1) duality invariant Born-Infeld action in
the N = 1 AdS superspace10
S = −
i
4
|µ|µ
∫
d4x d2θ E X + c.c. , (C.21)
with X constrained by (C.19b). The action is manifestly invariant under the isometry
transformations of AdS4|4, with the infinitesimal transformation law of Wα being
δWα = −λWα − ωα
βWβ . (C.22)
However, the action is not invariant under the transformation (C.20),
δεS = 2|µ|
3
∫
d4x d2θd2θ¯ E εV , (C.23)
where the real scalar V denotes the unconstrained prepotential of the vector multiplet,
Wα = −
1
4
(D¯2 − 4µ)DαV . (C.24)
Eq. (C.23) is a unique feature that distinguishes AdS4 from the other maximally super-
symmetric backgrounds we have studied in this paper.
10In accordance with (C.19b), the overall coefficient in (C.21) is chosen such that the kinetic term for
the vector multiplet is canonically normalised, S = 14
∫
d4xd2θ EW 2+c.c.+ interaction terms. It should
be remarked that the functional Re
(
µ
∫
d4xd2θ E X
)
is a total derivative, in accordance with (C.19b).
24
References
[1] I. Antoniadis, H. Partouche and T. R. Taylor, “Spontaneous breaking of N=2 global supersymmetry,”
Phys. Lett. B 372, 83 (1996) [arXiv:hep-th/9512006].
[2] J. Bagger and A. Galperin, “A new Goldstone multiplet for partially broken supersymmetry,” Phys.
Rev. D 55, 1091 (1997) [arXiv:hep-th/9608177].
[3] S. Deser and R. Puzalowski, “Supersymmetric nonpolynomial vector multiplets and causal propa-
gation,” J. Phys. A 13, 2501 (1980).
[4] S. Cecotti and S. Ferrara, “Supersymmetric Born-Infeld Lagrangians,” Phys. Lett. B 187, 335 (1987).
[5] M. Rocˇek and A. A. Tseytlin, “Partial breaking of global D = 4 supersymmetry, constrained super-
fields, and 3-brane actions,” Phys. Rev. D 59, 106001 (1999) [arXiv:hep-th/9811232].
[6] M. Rocˇek, “Linearizing the Volkov-Akulov model,” Phys. Rev. Lett. 41, 451 (1978).
[7] D. V. Volkov and V. P. Akulov, “Possible universal neutrino interaction,” JETP Lett. 16, 438 (1972)
[Pisma Zh. Eksp. Teor. Fiz. 16, 621 (1972)]; “Is the neutrino a Goldstone particle?,” Phys. Lett. B
46, 109 (1973).
[8] E. A. Ivanov and A. A. Kapustnikov, “General relationship between linear and nonlinear realisations
of supersymmetry,” J. Phys. A 11, 2375 (1978).
[9] E. A. Ivanov and A. A. Kapustnikov, “Relation between linear and nonlinear realizations of super-
symmetry,” Preprint JINR-E2-10765, June 1977.
[10] D. Butter, G. Inverso and I. Lodato, “Rigid 4D N = 2 supersymmetric backgrounds and actions,”
JHEP 1509, 088 (2015) [arXiv:1505.03500 [hep-th]].
[11] S. M. Kuzenko, J. Novak and G. Tartaglino-Mazzucchelli, “Symmetries of curved superspace in five
dimensions,” JHEP 1410, 175 (2014) [arXiv:1406.0727 [hep-th]].
[12] P. S. Howe, “Supergravity in superspace,” Nucl. Phys. B 199, 309 (1982).
[13] S. M. Kuzenko, U. Lindstro¨m, M. Rocˇek and G. Tartaglino-Mazzucchelli, “On conformal supergrav-
ity and projective superspace,” JHEP 0908, 023 (2009) [arXiv:0905.0063 [hep-th]].
[14] S. M. Kuzenko, “Super-Weyl anomalies in N=2 supergravity and (non)local effective actions,” JHEP
1310, 151 (2013) [arXiv:1307.7586 [hep-th]].
[15] E. A. Ivanov and B. M. Zupnik, “Modified N=2 supersymmetry and Fayet-Iliopoulos terms,” Phys.
Atom. Nucl. 62, 1043 (1999) [Yad. Fiz. 62, 1110 (1999)] [hep-th/9710236].
[16] E. Ivanov and B. Zupnik, “Modifying N=2 supersymmetry via partial breaking,” In *Buckow 1997,
Theory of elementary particles* 64-69 [hep-th/9801016].
[17] P. Breitenlohner and M. F. Sohnius, “Superfields, auxiliary fields, and tensor calculus for N=2
extended supergravity,” Nucl. Phys. B 165, 483 (1980); “An almost simple off-shell version of SU(2)
Poincare supergravity,” Nucl. Phys. B 178, 151 (1981).
25
[18] M. F. Sohnius, K. S. Stelle and P. C. West, “Representations of extended supersymmetry,” in
Superspace and Supergravity, S. W. Hawking and M. Rocˇek (Eds.), Cambridge University Press,
Cambridge, 1981, p. 283.
[19] P. S. Howe, K. S. Stelle and P. K. Townsend, “Supercurrents,” Nucl. Phys. B 192, 332 (1981).
[20] S. J. Gates Jr. and W. Siegel, “Linearized N=2 superfield supergravity,” Nucl. Phys. B 195, 39
(1982).
[21] W. Siegel, “Off-shell N=2 supersymmetry for the massive scalar multiplet,” Phys. Lett. B 122, 361
(1983).
[22] M. Mu¨ller, “Chiral actions for minimal N=2 supergravity,” Nucl. Phys. B 289, 557 (1987).
[23] R. Grimm, M. Sohnius and J. Wess, “Extended supersymmetry and gauge theories,” Nucl. Phys. B
133, 275 (1978).
[24] L. Mezincescu, “On the superfield formulation of O(2) supersymmetry,” Dubna preprint JINR-P2-
12572 (June, 1979).
[25] D. Butter and S. M. Kuzenko, “New higher-derivative couplings in 4D N = 2 supergravity,” JHEP
1103, 047 (2011) [arXiv:1012.5153 [hep-th]].
[26] S. M. Kuzenko and G. Tartaglino-Mazzucchelli, “Different representations for the action principle
in 4D N = 2 supergravity,” JHEP 0904, 007 (2009) [arXiv:0812.3464 [hep-th]].
[27] M. Mu¨ller, Consistent Classical Supergravity Theories, (Lecture Notes in Physics, Vol. 336), Springer,
Berlin, 1989.
[28] D. Butter and J. Novak, “Component reduction in N=2 supergravity: the vector, tensor, and vector-
tensor multiplets,” JHEP 1205, 115 (2012) [arXiv:1201.5431 [hep-th]].
[29] S. M. Kuzenko, “On massive tensor multiplets,” JHEP 0501, 041 (2005) [hep-th/0412190].
[30] S. M. Kuzenko, “On N = 2 supergravity and projective superspace: Dual formulations,” Nucl. Phys.
B 810, 135 (2009) [arXiv:0807.3381 [hep-th]].
[31] B. de Wit, R. Philippe and A. Van Proeyen, “The improved tensor multiplet in N = 2 supergravity,”
Nucl. Phys. B 219, 143 (1983).
[32] I. L. Buchbinder and S. M. Kuzenko, Ideas and Methods of Supersymmetry and Supergravity or a
Walk Through Superspace, IOP, Bristol, 1995 (Revised Edition: 1998).
[33] S. M. Kuzenko, “Supersymmetric spacetimes from curved superspace,” PoS CORFU 2014, 140
(2015) [arXiv:1504.08114 [hep-th]].
[34] R. Grimm, J. Wess and B. Zumino, “Consistency checks on the superspace formulation of super-
gravity,” Phys. Lett. B 73, 415 (1978); “A complete solution of the Bianchi identities in superspace,”
Nucl. Phys. B 152, 255 (1979).
[35] D. Sen, “Supersymmetry in the space-time R× S3,” Nucl. Phys. B 284, 201 (1987).
[36] G. Festuccia and N. Seiberg, “Rigid supersymmetric theories in curved superspace,” JHEP 1106,
114 (2011) [arXiv:1105.0689 [hep-th]].
26
[37] S. M. Kuzenko, “Symmetries of curved superspace,” JHEP 1303, 024 (2013) [arXiv:1212.6179 [hep-
th]].
[38] S. M. Kuzenko and S. A. McCarthy, “Nonlinear self-duality and supergravity,” JHEP 0302, 038
(2003) [hep-th/0212039].
[39] V. P. Akulov and D. V. Volkov, “Goldstone fields with spin 1/2,” Theor. Math. Phys. 18, 28 (1974)
[Teor. Mat. Fiz. 18, 39 (1974)].
[40] A. Salam and J. A. Strathdee, “Super-gauge transformations,” Nucl. Phys. B 76, 477 (1974).
[41] B. W. Keck, “An alternative class of supersymmetries,” J. Phys. A 8, 1819 (1975).
[42] B. Zumino, “Nonlinear realization of supersymmetry in de Sitter space,” Nucl. Phys. B 127, 189
(1977).
[43] E. A. Ivanov and A. S. Sorin, “Superfield formulation of OSp(1,4) supersymmetry,” J. Phys. A 13,
1159 (1980).
[44] S. M. Kuzenko, U. Lindstro¨m, M. Rocˇek and G. Tartaglino-Mazzucchelli, “4D N=2 supergravity
and projective superspace,” JHEP 0809, 051 (2008) [arXiv:0805.4683].
[45] S. M. Kuzenko and S. Theisen, “Supersymmetric duality rotations,” JHEP 0003, 034 (2000)
[arXiv:hep-th/0001068].
[46] S. M. Kuzenko and S. Theisen, “Nonlinear self-duality and supersymmetry,” Fortsch. Phys. 49, 273
(2001) [hep-th/0007231].
[47] S. J. Gates Jr. and S. V. Ketov, “4D, N=1 Born-Infeld supergravity,” Class. Quant. Grav. 18, 3561
(2001) [hep-th/0104223].
[48] J. Bagger and A. Galperin, “The tensor Goldstone multiplet for partially broken supersymmetry,”
Phys. Lett. B412, 296 (1997) [hep-th/9707061].
[49] F. Gonzalez-Rey, I. Y. Park and M. Rocˇek, “On dual 3-brane actions with partially broken N=2
supersymmetry,” Nucl. Phys. B 544, 243 (1999) [hep-th/9811130].
[50] I. Antoniadis, E. Dudas, S. Ferrara and A. Sagnotti, “The Volkov-Akulov-Starobinsky supergravity,”
Phys. Lett. B 733, 32 (2014) [arXiv:1403.3269 [hep-th]].
[51] E. Dudas, S. Ferrara, A. Kehagias and A. Sagnotti, JHEP 1509, 217 (2015) [arXiv:1507.07842
[hep-th]].
[52] E. A. Bergshoeff, D. Z. Freedman, R. Kallosh and A. Van Proeyen, “Pure de Sitter supergravity,”
Phys. Rev. D 92, no. 8, 085040 (2015) [arXiv:1507.08264 [hep-th]].
[53] F. Hasegawa and Y. Yamada, “Component action of nilpotent multiplet coupled to matter in 4
dimensional N = 1 supergravity,” JHEP 1510, 106 (2015) [arXiv:1507.08619 [hep-th]].
[54] I. Antoniadis and C. Markou, “The coupling of non-linear supersymmetry to supergravity,” Eur.
Phys. J. C 75, no. 12, 582 (2015) [arXiv:1508.06767 [hep-th]].
[55] R. Kallosh, “Matter-coupled de Sitter supergravity,” arXiv:1509.02136 [hep-th].
27
[56] R. Kallosh and T. Wrase, “De Sitter supergravity model building,” Phys. Rev. D 92, no. 10, 105010
(2015) [arXiv:1509.02137 [hep-th]].
[57] M. Schillo, E. van der Woerd and T. Wrase, “The general de Sitter supergravity component action,”
arXiv:1511.01542 [hep-th].
[58] R. Kallosh, A. Karlsson and D. Murli, “From linear to non-linear supersymmetry via functional
integration,” arXiv:1511.07547 [hep-th].
[59] R. Casalbuoni, S. De Curtis, D. Dominici, F. Feruglio, and R. Gatto, “Non-linear realization of
supersymmetry algebra from supersymmetric constraint,” Phys. Lett. B 220, 569 (1989).
[60] Z. Komargodski and N. Seiberg, “From linear SUSY to constrained superfields,” JHEP 0909, 066
(2009) arXiv:0907.2441.
[61] U. Lindstro¨m and M. Rocˇek, “Constrained local superfields,” Phys. Rev. D 19, 2300 (1979).
[62] S. M. Kuzenko and S. J. Tyler, “Complex linear superfield as a model for Goldstino,” JHEP 1104,
057 (2011) [arXiv:1102.3042 [hep-th]].
[63] S. M. Kuzenko, “Complex linear Goldstino superfield and supergravity,” JHEP 1510, 006 (2015)
[arXiv:1508.03190 [hep-th]].
[64] I. Bandos, L. Martucci, D. Sorokin and M. Tonin, “Brane induced supersymmetry breaking and de
Sitter supergravity,” arXiv:1511.03024 [hep-th].
[65] S. Ferrara, L. Girardello and M. Porrati, “Minimal Higgs branch for the breaking of half of the
supersymmetries in N=2 supergravity,” Phys. Lett. B 366, 155 (1996) [hep-th/9510074]; “Sponta-
neous breaking of N=2 to N=1 in rigid and local supersymmetric theories,” Phys. Lett. B 376, 275
(1996) [hep-th/9512180].
[66] P. Fre, L. Girardello, I. Pesando and M. Trigiante, “Spontaneous N = 2→ N = 1 local supersymme-
try breaking with surviving compact gauge group,” Nucl. Phys. B 493, 231 (1997) [hep-th/9607032].
[67] J. Louis, P. Smyth and H. Triendl, “Spontaneous N=2 to N=1 supersymmetry breaking in super-
gravity and type II string theory,” JHEP 1002, 103 (2010) [arXiv:0911.5077 [hep-th]].
[68] T. Hansen and J. Louis, “Examples of N = 2 to N = 1 supersymmetry breaking,” JHEP 1311, 075
(2013) [arXiv:1306.5994 [hep-th]].
[69] S. M. Kuzenko, “On compactified harmonic / projective superspace, 5D superconformal theories,
and all that,” Nucl. Phys. B 745, 176 (2006) [arXiv:hep-th/0601177].
[70] S. M. Kuzenko and D. Sorokin, “Superconformal structures on the three-sphere,” JHEP 1410, 80
(2014) [arXiv:1406.7090 [hep-th]].
[71] S. M. Kuzenko and G. Tartaglino-Mazzucchelli, “Three-dimensional N=2 (AdS) supergravity and
associated supercurrents,” JHEP 1112, 052 (2011) [arXiv:1109.0496 [hep-th]].
[72] S. M. Kuzenko, U. Lindstro¨m and G. Tartaglino-Mazzucchelli, “Three-dimensional (p,q) AdS su-
perspaces and matter couplings,” JHEP 1208, 024 (2012) [arXiv:1205.4622 [hep-th]].
[73] S. M. Kuzenko and G. Tartaglino-Mazzucchelli, “Field theory in 4D N=2 conformally flat super-
space,” JHEP 0810, 001 (2008) [arXiv:0807.3368 [hep-th]].
28
[74] D. Butter, S. M. Kuzenko, U. Lindstro¨m and G. Tartaglino-Mazzucchelli, “Extended supersymmetric
σ-models in AdS4 from projective superspace,” JHEP 1205, 138 (2012) [arXiv:1203.5001 [hep-th]].
[75] S. J. Gates Jr., S. M. Kuzenko and A. G. Sibiryakov, “N = 2 supersymmetry of higher superspin
massless theories,” Phys. Lett. B 412, 59 (1997) [hep-th/9609141]; “Towards a unified theory of
massless superfields of all superspins,” Phys. Lett. B 394, 343 (1997) [hep-th/9611193].
29
